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XQGHUGHDGORDGDGGLWLRQDOORDGDQGORFRPRWLYH$IWHUILQDODOLJQPHQWRIWKHWUDFNVVWDWLFDQGG\QDPLFORDGWHVWVRI
YLDGXFWZHUHFRQGXFWHG
&RQVWUXFWLRQ WHFKQRORJ\ UHTXLUHG WKH SUHSDUDWLRQ RI WHVWV LQ WZR VWDJHV 6WDJH  LQFOXGHG WKH FRQWURO RI WKH
VXSHUVWUXFWXUH
VULJLGLW\LQVHOHFWHGFRQVWUXFWLRQSKDVHVDQGVXSSRUWVHWWOHPHQWVDIWHUODXQFKLQJWKHVWUXFWXUHDQGDIWHU
WKHLQLWLDOORDGLQJ7KHILUVWORDGWHVWDOORZHGIRUDFRQGLWLRQDODSSURYDOWRWHPSRUDU\UDLOWUDIILF6WDJH,,LQFOXGHGWKH
ILQDOVWDWLFDQGG\QDPLFORDGWHVWVWKHUHVXOWVRIZKLFKYHULILHGWKHFRPSXWDWLRQDOPRGHODQGFRQILUPHGLWVFDSDFLW\

  
)LJ9LDGXFW:.GXULQJFRQVWUXFWLRQ>0RVW\àyGĨ6$@
&KDUDFWHULVWLFVRIWKHYLDGXFW
5DLOZD\YLDGXFW:.ZLWKLQWKHUDLOZD\OLQHQRàyGĨ.DOLVND'ĊELFDZDVEXLOWXQGHUWKHWDVN8SSHU5RXWH
LQàyGĨ7KHFRQWUDFWRUZDV3U]HGVLĊELRUVWZR5REyW0RVWRZ\FKÄ0RVW\àyGĨ´6$7KHFRQVWUXFWLRQDQGGHWDLOHG
GHVLJQVZHUHSUHSDUHGE\7UDQVSURMHNW:DUV]DZD6S]RR
,WLVDVHYHQVSDQVWHHOFRQFUHWHFRQWLQXRXVWKURXJKYLDGXFW7KHRUHWLFDOVSDQVDUHDVIROORZV
x OHIWD[LV  [ P
x ULJKWD[LV [ P
7KHORQJLWXGLQDOD[LVRIWKHYLDGXFWLQWHUVHFWVWKHD[LVRIWKHREVWDFOHDWDQJOHRI7KHYLDGXFWZDVGHVLJQHG
IRUUDLOORDGFODVVk+2DFFRUGLQJWRVWDQGDUG317KHWRWDOZLGWKRIWKHYLDGXFWLVP7ZRWUDFNVUXQWKURXJKWKH
YLDGXFWDWDVSDFLQJRIPRQFPEDOODVWEHGDQGPVHUYLFHVLGHZDONVRQERWKVLGHV


)LJ'UDZLQJVRIYLDGXFW:.
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7KH VXSHUVWUXFWXUH RI WKH YLDGXFW DUH WZR VWHHO JLUGHUV LQ WKH D[LDO VSDFLQJ RI P 7KH VWHHO JLUGHUV DUH
FRQQHFWHGZLWKFRQFUHWHGPFURVVJLUGHUV7KHJLUGHUVKDYHDFRQVWDQWKHLJKWRIP7KH\DUHVXSSRUWHGLQ
D[HVRIVXSSRUWVE\VWHHOHODVWRPHULFEHDULQJV,QWHUPHGLDWHVXSSRUWVZHUHGHVLJQHGLQWKHIRUPRIWZRUHLQIRUFHG
FRQFUHWHZDOOVLQWKHVKDSHRIDWUDSH]RLGZLWKEDVHGLPHQVLRQV[PDWWKHEHDULQJSDGOHYHOWR[
PDWWKHIRXQGDWLRQOHYHODQGLQFOLQDWLRQRIVLGHHGJHV7KHD[LDOVSDFLQJRIVXSSRUWVLVPPHDVXUHG
SHUSHQGLFXODUO\WRWKHD[LVRIWKHVWUXFWXUH
7KHDEXWPHQWVDUHPDQGPWKLFNZDOOVEHDULQJEHDPHQGHGZLWKFXUWDLQZDOO$OOYLDGXFW
VVXSSRUWVDUH
ORFDWHGRQSLOHVZLWKGLDPHWHURIP
/RDGWHVWPRGHOLQLWLDOLTMI
6WDWLFFDOFXODWLRQVRIWKHVXSHUVWUXFWXUHZHUHFDUULHGRXWZLWKWKHXVHRI5RERW6WUXFWXUDO$QDO\VLV3URIHVVLRQDO
IURP$XWRGHVN)RUFDOFXODWLRQSXUSRVHV/RDG7HVW0RGHOV,QLWLDO LTMIZHUHSUHSDUHG)LJ>@0RGHOV
LTMI-1 -3ZHUHXVHGWRFDOFXODWHGHIOHFWLRQVRIPDLQJLUGHUVXQGHUGHDGORDGLQVHOHFWHGFRQVWUXFWLRQSKDVHVDIWHU,,
DQG,9VWDJHRIFRQFUHWLQJEULGJHGHFNDIWHUOD\LQJSDYHPHQWOD\HUVDQGHOHPHQWVRIHTXLSPHQWSULRUWRFURVVZLVH
ODXQFKLQJRQWRVXSSRUWV,QWKHVHPRGHOVSRLQWVRIVXSSRUWVZHUHHVWDEOLVKHGLQWKHORFDWLRQVRIWHPSRUDU\VXSSRUWV
,QWKHILQDOPRGHOLTMI- 4, WZRFDVHVZHUHGLVWLQJXLVKHGDDQGE0RGHOLTMI-4aZDVXVHGLQWKHFDOFXODWLRQVRI
EHQGLQJPRPHQWVDQGGHIOHFWLRQVIURPOLYHORDGVDQGIURPWKHLQLWLDODQGILQDOORDGLQJZLWKORFRPRWLYH,QWKLVPRGHO
DFRPSRVLWHDFWLRQRIFRQFUHWHGHFNZLWKORQJLWXGLQDODQGFURVVJLUGHUVZDVDVVXPHGLQRUGHUWRGHWHUPLQHIOH[XUDO
VWLIIQHVV0RUHRYHU LQRUGHU WRGHWHUPLQHGHIOHFWLRQVRIPDLQJLUGHUV IURP ORDGLQJZLWK WUDLQZLWKD WUDLOHUDQGD
ORFRPRWLYH DPRGHOLTMI-4bZDV XVHG LQZKLFK WKH ODFNRI FRPSRVLWH DFWLRQEHWZHHQ ORQJLWXGLQDO JLUGHUV DQG
FRQFUHWHGHFNZDVDVVXPHG7KLVDVVXPSWLRQZDVDGRSWHGE\WKH'HVLJQHU
0RGXOXV RI HODVWLFLW\ RI VWHHO VWUXFWXUH ZDV DVVXPHG WR EH Es    *3D :KHQ GHWHUPLQLQJ JHRPHWULF
FKDUDFWHULVWLFVRIFRPSRVLWHHOHPHQWVJLUGHUVFURVVJLUGHUVXVHGLQPRGHOVLTMI-1 - 3DQG4aWLPHYDU\LQJPRGXOXV
RIHODVWLFLW\ZDVWDNHQLQWRDFFRXQW7KHYDOXHRIFRQFUHWH
VPRGXOXVRIHODVWLFLW\EbGLIIHUHGGHSHQGLQJRQWKHDJHRI
FRQFUHWHRISDUWLFXODUHOHPHQWVRIWKHVWUXFWXUHLQWKHDQDO\VHGFRQVWUXFWLRQSKDVHV

/70, /70, /70,

/70, /70,%
 
)LJ9LVXDOLVDWLRQRIFRPSXWDWLRQDOPRGHOV/70,RIFODVVHHS
7ZRVWDJHORDGWHVWV
4.1. Initial load test of the viaduct 
8VLQJ PRGHOV LTMI 1-3, FDOFXODWLRQV RI GHIOHFWLRQV RI PDLQ JLUGHUV LQ VHSDUDWH WUDQVLWLRQDO SKDVHV RI WKH
FRQVWUXFWLRQZHUHFDUULHGRXW7KHIROORZLQJFRQVWUXFWLRQSKDVHVZHUHGLVWLQJXLVKHG)LJ
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x VWUXFWXUHSDUWLDOO\FRPSRVLWHDIWHUVWDJH,,RIEULGJHGHFNFRQFUHWLQJORDGFRPSRVHVRIFRQFUHWHZHLJKWRI
GHFNEXLOWLQVWDJH,DQGFRQFUHWHPL[SRXUHGLQVWDJH,,±PRGHOLTMI-1
x VWUXFWXUHSDUWLDOO\FRPSRVLWHDIWHUVWDJH,9RIEULGJHGHFNFRQFUHWLQJORDGFRPSRVHVRIFRQFUHWHEULGJH
GHFNEXLOWLQVWDJH,,,DQGFRQFUHWHPL[SRXUHGLQVWDJH,9±PRGHOLTMI-2
x FRPSRVLWHVWUXFWXUHDIWHUOD\LQJSDYHPHQWDQGHTXLSPHQWHOHPHQWV±PRGHOLTMI-3

  
)LJ&RQVWUXFWLRQVWDJHVRIYLDGXFW:.ZHUHWDNHQLQWRDFFRXQWLQPRGHOV/70,>0RVW\àyGĨ6$@
'XULQJWKHFRQVWUXFWLRQRIWKHYLDGXFWRQWHPSRUDU\VXSSRUWVGHIOHFWLRQVRIPDLQJLUGHUVLQPLGVSDQVRIDOOVSDQV
IURPGHDGORDGFRQFUHWHEULGJHGHFNDVZHOODVURDGSDYHPHQWDQGHTXLSPHQWZHUHPHDVXUHG7KHVHPHDVXUHPHQWV
DOORZHGWRPRQLWRUULJLGLW\RIWKHVWUXFWXUHGXULQJVHOHFWHGFRQVWUXFWLRQSKDVHV
2QFH WKH VXSHUVWUXFWXUH KDV EHHQ ODXQFKHG RQWR VXSSRUWV VXSSRUW VHWWOHPHQW XQGHU GHDG ORDG ZDV PHDVXUHG
7DEOHDQGLQLWLDOORDGWHVWZLWKWKHWUDLQZLWKDWUDLOHU)LJZDVFRQGXFWHG
7DEOH6HWWOHPHQWVRIVXSSRUWVDIWHUWKHVWUXFWXUHKDVEHHQODXQFKHG

)LJ6FKHPHRILQLWLDOORDGWHVWLWKWUDLQZLWKWUDLOHU637

7KHKLJKHVWYDOXHRIWKHSHUPDQHQWVHWWOHPHQWDIWHUODXQFKLQJHTXDOWRPPZDVUHFRUGHGLQVXSSRUWQRLQ
D[LV% (ODVWLF GHIOHFWLRQV RI JLUGHUV IURP LQLWLDO ORDGLQJ ZLWK WKH WUDLQ VFKHPH 637ZHUH ORZHU WKDQ YDOXHV
FDOFXODWHGWKHRUHWLFDOO\DQGZHUHHTXDOWRDQDYHUDJHRIRIWKHLUYDOXHVLQFOXGLQJGHFN
VFRPSRVLWHDFWLRQPRGHO
/70,3HUPDQHQWGHIOHFWLRQVUDQJHGIURPWRRIWRWDOGHIOHFWLRQV
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7KHFRQGLWLRQIRUDSSURYDORIWKLVYLDGXFWWRWHPSRUDU\UDLOWUDIILFRQWKHUDLOZD\OLQHQRàyGĨ.DOLVND'ĊELFD
RYHUWKH8SSHU5RXWHLQàyGĨZLWKVSHHGOLPLWHGWRNPKZDVDSRVLWLYHHYDOXDWLRQRIWKHZRUNRIVWUXFWXUHEDVHG
RQWKHPHDVXUHPHQWUHVXOWVFRQGXFWHGLQGLIIHUHQWFRQVWUXFWLRQSKDVHVDQGWKHLQLWLDOORDGWHVW8QWLOWKHILQDOVWDWLF
DQGG\QDPLFORDGWHVWIXUWKHUJHRGHVLFREVHUYDWLRQRIVXSSRUWVHWWOHPHQWVZDVUHFRPPHQGHG
4.2. Final load test of viaduct 
)LQDOVWDWLFDQGG\QDPLFORDGWHVWRIWKHYLDGXFWZDVFRQGXFWHGRQGXULQJWKHQLJKW'XHWRWZRIRXU
KRXUFORVXUHVRIUDLOZD\OLQHVVWDWLFWHVWVZHUHFRQGXFWHGZLWKIRXUORFRPRWLYHV67DWRQFHZLWKDORDGRQWZR
VSDQVVLPXOWDQHRXVO\$OOORDGVFKHPHVVSHFLILHGLQWKHSURMHFW>@ZHUHUHDOLVHG7KHVHZHUHWKHVSDQVFKHPHV6
66DQG6)LJ

  


)LJ3KRWRVIURPWKHORDGWHVWXSDQGH[HPSODU\ORDGVFKHPHGRZQ
%DVHGRQ WKH UHDGLQJVRI VSDQGLVSODFHPHQWV UHFRUGHGGXULQJ WKH ORDG WHVW LQPHDVXUHPHQWSRLQWV WKHYHUWLFDO
GLVSODFHPHQWVRIJLUGHUVLQSDUWLFXODUVSDQVFKHPHVLQSRLQWVRIODUJHVWGHIOHFWLRQVRIVSDQVZHUHFDOFXODWHG7KHVH
YDOXHVZHUHXVHGWRGHWHUPLQHWKHJUHDWHVWGHIOHFWLRQVSHUPDQHQWDQGHODVWLFLQPHDVXUHGSRLQWVLQFXUUHQWO\ORDGHG
VSDQV7KHHODVWLFGHIOHFWLRQVZHUHFRPSDUHGZLWKWKHRUHWLFDOGHIOHFWLRQVRIJLUGHUV)LJFDOFXODWHGDVVXPLQJDODFN
RIFRRSHUDWLRQRISODWHJLUGHUZLWKEULGJHGHFNPRGHOLTMI-4bDQGDVVXPLQJIXOOFRPSRVLWHDFWLRQEHWZHHQSODWH
JLUGHUDQGFRQFUHWHGHFNPRGHOLTMI-4a

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 
)LJ'LDJUDPVRIGHIOHFWLRQVRIPHDVXUHGJLUGHUVDQGGHULYHGIURPWKHRUHWLFDOPRGHOV
(ODVWLFGHIOHFWLRQVRIJLUGHUVZHUH ORZHU WKDQ WKH WKHRUHWLFDOGHIOHFWLRQVDQGUDQJHGIURPWRRI WKHLU
YDOXHV ZLWKRXW WDNLQJ LQWRDFFRXQW WKHFRRSHUDWLRQRI WKHEULGJHGHFNDVDVVXPHGE\ WKHGHVLJQHULTMI-b ,Q
DYHUDJH HODVWLF GHIOHFWLRQVRI WHVWHG VSDQVZHUH DSSUR[ RI WKHLU YDOXHV:KHQ WDNLQJ LQWR DFFRXQW WKH IXOO
FRPSRVLWHDFWLRQEHWZHHQEULGJHGHFNDQGVWHHOJLUGHUPRGHOLTMI-4aHODVWLFGHIOHFWLRQVRIJLUGHUVZHUHFORVHWR
GHIOHFWLRQVFDOFXODWHGWKHRUHWLFDOO\ZHUHHTXDOWRRIWKHRUHWLFDOYDOXHV$VPDOOH[FHVVRIWKHWKHRUHWLFDOYDOXHV
LQVSDQDQGPD[LPXPE\LVWKHUHVXOWRIQRWWDNLQJLQWRDFFRXQWLQFDOFXODWLRQVWKHHIIHFWRIFUDFNLQJRI
FRQFUHWHEULGJHGHFN
:LWKDVVXPHGULJLGLW\SDUDPHWHUVDQGPDVVHVRI WKHHQWLUHVXSHUVWUXFWXUHPRGDODQDO\VLVZDVFRQGXFWHGXVLQJ
DPRGHOLTMI-4aVSHFLI\LQJWKHORZHVWIUHTXHQFLHVDQGFRUUHVSRQGLQJPRGHVKDSHV)LJ

0RGHVKDSH)UHTXHQF\+] 0RGHVKDSH)UHTXHQF\+] 0RGHVKDSH)UHTXHQF\+]

)LJ7KUHHORZHVWIUHTXHQFLHVDQGFRUUHVSRQGLQJPRGHVKDSHVREWDLQHGLQPRGHO/70,D
'\QDPLFWHVWV>@>@>@>@RIWKHYLDGXFWZHUHFRQGXFWHGLPPHGLDWHO\DIWHUWKHVWDWLFORDGWHVW,QWKHORDG
WHVWWZRORFRPRWLYHV67PRYLQJDWVSHHGVUDQJLQJIURPNPKWRNPKZHUHXVHG7KHUHVXOWVLQWKHIRUPRI
WLPHKLVWRULHVRIYHUWLFDOGLVSODFHPHQWVHQDEOHGWRGHWHUPLQHWKHG\QDPLFDPSOLILFDWLRQIDFWRUDAFZKLFKUHDFKHG
DPD[LPXPRI  DQG LV VPDOOHU WKDQ WKH WKHRUHWLFDO WDNHQ IURP VWDQGDUGG\QDPLF DPSOLILFDWLRQ IDFWRURI WKH
YLDGXFWZKLFKLV7KHYDOXHVRIWKHDYHUDJHGORJDULWKPLFGHFUHPHQWUDWHFRUUHVSRQGLQJWRWKUHHORZHVWLGHQWLILHG
QDWXUDOIUHTXHQFLHVDUHVKRZQLQ)LJ/RJDULWKPLFGHFUHPHQWUDWHKDGDODUJHIRUWKLVW\SHRIVWUXFWXUHYDOXHUDQJLQJ
IURPWRJUHDWHUGDPSLQJRIYLEUDWLRQVZHUHIRUYLEUDWLRQVZLWKWKHORZHVWIUHTXHQFLHV7KHKLJKHVW
DFFHOHUDWLRQRIYHUWLFDOYLEUDWLRQVZDVPV'XULQJWHVWVQRWHQGHQF\WREHDWVZDVQRWLFHG
/RDG7HVW0RGHO9HULILHG/709
,Q WKH SURFHGXUH RI PRGHOOLQJ RI DFWXDO REMHFWV XQGHU WKH ORDG WHVW WZR GLVFUHWH FRPSXWDWLRQDO PRGHOV DUH
GLVWLQJXLVKHG>@)LUVWRIWKHPDWWKHVWDJHRISUHSDULQJDORDGWHVWSURMHFWLVQDPHGWKHORDGWHVWPRGHOLQLWLDOLTMI
ZKLFKZLWKVWDQGDUGYDOXHVDVVXPHGLQWKHPRGHOLVXVHGIRUWKHDGRSWLRQRIWKHORDGWHVWDQGDWWKHVDPHWLPHDOORZV
WRYHULI\DFRQVWUXFWLRQGHVLJQPRGHOCDMDGRSWHGE\WKHGHVLJQHU$WWKHVWDJHRISUHSDULQJDUHSRUWVXPPDULVLQJ
WKHORDGWHVWWKHVHFRQGPRGHOZDVSUHSDUHGZKLFKLVQDPHGDORDGWHVWPRGHOYHULILHGLTMV7KLVPRGHOWDNHV
536   Piotr Łaziński and Stefan Pradelok /  Procedia Engineering  161 ( 2016 )  530 – 537 
LQWRDFFRXQWPDLQO\FKDUDFWHULVWLFVRIFRQFUHWHIURPGHVWUXFWLYHWHVWLQJDQGULJLGLW\RIVSDQVGHWHUPLQHGRQWKHEDVLV
RIDFRQWUROOHGVWDWLFORDG>@>@>@>@DQG>@

  
)LJ,GHQWLILFDWLRQRIWKUHHORZHVWQDWXUDOIUHTXHQFLHVDQGFRUUHVSRQGLQJGDPSLQJ
0RGHOCDMSUHSDUHGE\WKHGHVLJQHUDVVXPHGDFRPSRVLWHDFWLRQRIWKHFURVVJLUGHUZLWKWKHFRQFUHWHEULGJHGHFN
RQO\)RUWKHSXUSRVHRIWKHORDGWHVWPRGHOLTMI-4bFRUUHVSRQGHGZHOOZLWKVXFKDVVXPSWLRQV7KHREWDLQHGHODVWLF
GHIOHFWLRQVRIJLUGHUV)LJZHUHLQJRRGDJUHHPHQWZLWKWKHRUHWLFDOYDOXHVREWDLQHGLQPRGHOLTMI-4aZKHUHWKH
GHWHUPLQDWLRQ RI IOH[XUDO VWLIIQHVV DVVXPHG FRPSRVLWH DFWLRQZLWK FRQFUHWH EULGJH GHFN RI ERWK ORQJLWXGLQDO DQG
WUDQVYHUVHJLUGHUV7KLVPRGHOZLWKNQRZQUHVXOWVIURPORDGWHVWVZDVFRQVLGHUHGDORDGWHVWPRGHOYHULILHGLTMV
)LJ

)LJ9LVXDOLVDWLRQRIWKHORDGWHVWPRGHOYHULILHG/709RIFODVVHHS
&RQFOXVLRQ
5DLOZD\YLDGXFW:.EXLOWXVLQJFURVVZLVHODXQFKLQJWHFKQRORJ\XQGHUWKHWDVN8SSHU5RXWHLQàyGĨSUHGLFWHG
DKRXUFORVXUHRIUDLOZD\WUDFNV$VKRUWWLPHRIUDLOWUDIILFFORVXUHLPSRVHGWKHSUHSDUDWLRQRIWKHSURJUDPLQWZR
VWDJHV*LYHQWKLVULJLGLW\RIWKHVXSHUVWUXFWXUHLQVHOHFWHGFRQVWUXFWLRQSKDVHVZDVFRQWUROOHG,QLWLDOORDGWHVWDOORZHG
IRU WHPSRUDU\ RSHQLQJ RI WKH YLDGXFW WR WHPSRUDU\ WUDIILF &RQGXFWHG E\ 7HDP RI )LHOG 6WXGLHV IURP 6LOHVLDQ
8QLYHUVLW\RI7HFKQRORJ\ILQDOORDGWHVWDOORZHGWRYHULI\DFRPSXWDWLRQDOPRGHODQGFRQILUPHGWKHGHVLJQHGORDG
FDSDFLW\RIWKHYLDGXFW/RDGWHVWPRGHOYHULILHGLTMV ZDV WDNHQDVDGHTXDWHFRPSXWDWLRQDOPRGHO,LQZKLFKIOH[XUDO
VWLIIQHVVLQFOXGHVWKHFRPSRVLWHDFWLRQZLWKFRQFUHWHEULGJHGHFNDVZHOODVWKHORQJLWXGLQDODQGWUDQVYHUVHJLUGHUV
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